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Energy Levea.fi In median eight Nuclei from the (p,zij Location 
By Joseph ,irthur Lovington 

Submitted for the degree of tfaeter of Science ir* rhysics la 
the Department of Physios on Vm? 15, 1951 

i>a:TR^CT 

The neutron yields from the reactions Cr^(p,n) and 
54 

Cr (p,n) were investigated using monoenargatio protons 
frcsa the Rockefeller Generator, The target isotopes wore 
obtained in enriched torn froia the Oak Ridge National Labo- 
ratory and evaporated onto tantalum backings to fora thin 
targets of known thickness. Standard techniques and instru- 
ments ware used in the detection and counting of the neutron 
yield. Plots of the neutron yield es e function of proton 
energy show numerous resonances which are considered to in- 
dicate the existence of energy levels la the compound nu- 
54 c c 

del Mn and The spacing of these levels ie quite 

irregular and only average values of the spacing oaa be de- 
termined, The observed level spacing of the two compound 
nuclei Is compared at equal excitation energies relative to 
certain characteristic levels recently described. The 
is observed to have a level spacing slihtly larger than 
the sai 5 **. This difference in spacing can be qualitatively 
accounted for by postulating multiplet levels whose multi- 
plicity la based on quantum &eehanioal combinations of orbi- 
tal end intrinsic anguler momentum. 
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The threshold far the re&otion la deter- 

mined to be 1*406 ± *00lS y av end for the Cr^{p,a) 2. 03 
_+ .005 Kev. Proa theae tiireehold energies and published 
aasaea of Cr^3 end 0r**\ the sa asses of *.n^ and afc^ are 
determined to be 52.95590 ^ .00044 emu and 51*95574 +, 
.00040 aau respectively. 
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Bp ma&urlm the neutron yield froet {p.n) reactions 
«s « function of proton energy* Inforwstion 1* obtrined con- 
ceraing the threshold of the reaction end the spacing and 
widths of the energy levels of the son *und nucleus. Trau 
the threshold enerr/, the mas either of the target nucleus 
or of the residual nucleus my he oenputed , * roTlded the 
mss of the other Is known. The neutron yield shows mxiaft 
which correspond to energy levels of the compound nucleus. 

Previous experlmenta using the ? oojcefellcr electro- 
static generator ss u source included the use of vnnsdlua 
end scant? lua as targets by .> her end Howell (SI, 22)* c&r- 
bon by d&naaa (.1, *2) end mngsnese by HeQue (1 } • The 
present investigation used enriched isotopes of ehroaiun 
{Cr end Or' }. 'biserlasats on other elements ere In pro- 
gress. 

Theory predicts that the level structure of a nuclide 
depends upon whether the nuclide Is odd or even. The two 
isotopes of chromium* cr** * a g cr5t firft perilettlsrly well- 
suited for this comparison* They ere er# lie ole In appre- 
ciably enriched foana fro® t.« Oak ^idgs hatiouel Laboratory 
end durable f4n targets esa be prepared. r he threshold 
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energies. eltiioug.h not oooartttely kniwm p-ior to t*il» work 
(El)» were belters* to be la il.« **oi king range (j* 5 to 4*0 
.»▼} or oar eooelerator* 
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To obtain neutron yields of siffitlenftly good reso- 
lution* the energy ef the bosbarc Img proton mot be known 
rether precisely* *\irt&#r»ore, this energy au&t be 
tataed eor at < at during in® peri i . f observation* 

The cefe® feller seaefetftr* of the Tan de Oraaff type* 
fulfill® these reqitireasost* • >.* oimreiion and use of tills 

generator are * d* u tely d® bribed in the literature ( 1* 

ai» <ri, «a* u* 

The analysed teem of the generator l* used to bewberd 
the efcraaitm targets end the neutron yields nr# detested 
end, Aeftsured by etactuard techniques* 

3*. jwk j. 

A resent refinement to t; « resolution of the genera- 
tor 1® Ve nuclear resaoaaee oetkiod of controlling the field 
of the analysing muMfte This deviee provides fine control 
and toourot# «#esmre«e»b of the energy of the roton bees;* 
The frequency of the proton resonance {in & cell of waters 
is measured and related to t- * energy of t « protons in the 
bean by • » kff* (f^J* W «e» soring, the frequency of proton 
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resonance at a known (p,n) threshold (for I( j, r») p « 

1.882 _ .0w2 (US) ) the value of "IT Is determined. 

% using other known thresholds a«t a colute as* sure- 
Hants £>ud the sm»» 2 bmm at the so uroe for relative nee- 
*urea»nt* 9 it h«« been sm that the &ssui^tl©n that '•k** 

(as a function of proton energy) is constant, Introduces on 
error of lea* thea £ 1 .<av in proton imergy over the range 
of energies need In this invectigetioa. The f re uenoy of 
resonance con be stcesured to 1 pert in loO.OOO which reso- 
lution 1« e ;ulv«l««t to ton uncertainty in proton energy of 
lees then g, 25 «▼• The finite uidti.s of the defining elite 
introduce on energy spread in the been which .’res ton m& 
"’telson (^1) have shown to be leea than. _ 250 «v. -he his- 
tory of the generator * ire that variations in M k" with 
tine *my be expected. Meal is. based oil te .ta eeni’ otefi 
before and after the experlAeaibel -rrj£ of this thesis indi- 
cate that this variation will o*.u*« «» uneert* inty of less 
than ^ 3 Ssv in the proton energy, o «s eswusyles of the re- 
producibility of date over periods of tie* are siuwm in 
Chapter If. 

In d demining the absolute value of a particular 
proton energy the aoeve «B®erb*i&tlee ra&y be cabined to 
give s resultant of 1.2 lev. ’. © allow for uaM»surafel« 
factors (e.g. operator judgment) , a value of _ 5 ©v is 
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t&fcen a a %m total uncertainty in proton energy* hoover, 
for re lstlv# asseure^eat* each as level spesi^ end level 
widths • the usoertslutles in H fc** - ? he neglseted » ' re** 
Istlve Hoeertelftty in pretea ©Bar jr ssey fee considered to 
be- lees then ^ 300 ev. 

the aeetve* yield me deteoted by a "leeg counter" 
as described by reasea a * usJUlMwn { tT X}* She pulses freaa 
the counter were fed through & odel 101 pre-amplifier and 
a odel 100 amplifier {si) an- awaited by ft eassesrcial coa- 
ler* 

the *kmm saunter* t«» placed l” t roa the target with 
its aria at right angles to the bean* this arraagsKumt 
proved to be essential ta the proton energy region of 1.5 
ifev where the neutron yield tm$ wtmll, &ad not inconvenient 
la the higher energy regleat ' there higher yields were en- 
sauntered* Fl&elng the cornier at right eagles to the hose 
instead of pare 11*1 la believed to «Xies the deeinaed sees!* 
tlvity but sll«Mly. 

7he Reefcefellsc? generator i» equipped with © b&m cur- 
rest integrate? which mm&imm the ii str.lhio^ the tar- 
get* This *;uftotlty» rather then ti >s, mas used ns the basis 
for determining the counting rat a* 
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The enriched ehraato-* isotope* (or^ and Cr^ 4 ) was*# 
leased W **• Oa& ift%» ttatlonel U*b«rfitory# They war# 
#up;0Llad mi Cr^C^. T«bl« I.XI-1 ehow* the ap»ctosi*»jphi« 
ajaalyae# which the aa&LpX«s« 
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Kona of the quantlt lea afcown is sufficient to affect the 

present work* 

Because the isotopes vara enriched rather than eo tor 
pletely separated, their mim apeetroaoopie analyses are 
Important. These war a provided by CM'-L and are shown in 
Table III-2* 



Natural 



Isotope 


ebundj*nce 


»50 


4.3l5t 


Cr^ 1 


unstable 


Or 52 


83.74 


Cr 53 


9.55 


54 

Cr 


2.38 



Enriched 

_ia _sst” 


Enriched 


0.193,- 


0.2# 



9 .28 7.0 



9.06 


3.9 


0.465 


89.0 



Table I I 1*2 



2* ,1. ,lu\» 

The Cr 2 0^ was evs sporabad onto a tantalum booking by 
a&irfi Associates of Cambridge, ■ seaohuaettfc. Their experi- 
ence with other ele&snta, particularly nenaaneee, enabled 
the® to .provide targets of specified tfclckneaa with a vary 
good sooureoy on the first attempt. This success tamo fortu- 
nate beoause the supply of enriched material was limited. 

One Cr^ target (1.5 &»v thick) end two Cr 5i * targets (1.5 
and 2.5 &ev thick) (ref. copter XV) were used for the de- 
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tailed yield curves# dicker targets of about 20 :<ev were 
used to determine the threshold energies# 

The tMa target® proved to be cocoes iion&lly stable 
and rugged# They were subjected to , roton beams of 6-8 
microampere* for periods up to 12 hours without measurable 
deeresee la yield# The thicker targets **ers iiinexliit lees 
rugged. la their sanutfeoture their surfaces beo&sae crated 
end under strong beards they suffered son* loss of »otsri*l# 

The o audit Ion of the loon speotflea the return of ell 
enriched raeterial# This required special ©are in the evap- 
orating process# In order to trap any stray obromitu* which 
Bight otherwise ‘be evacuated to the etoMpbere# foil and 
glass ohlanaye were used to surround the target, backing and 
the crucible# 

Tantalum was used «e target banking because It pro- 
duces a negligible amount {if eny at all) of neutrons when 
bombarded by pretons of energies within the limits of our 
source. The background curves shown in the appendices were 
taken using clean bare tantalum as a target# The smell 
yields observed are believed to com froa reactions within 
the analyzing chamber of the generator* the use of & para- 
ffin shadow cone in the line of the beam between target and 
counter reduced the bsofcgreutkd count by 20$ indicating that 
most of the background neutrons ere scattered from the walls 
and floor of the chamber room. 
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1. Censrel * 

51 

The neutron yields jfroa tn* enriched isotopes Cr 
and Cr^* in the (p,n) reaction were investigated over pro- 
ton energies of 1.40 to 2*4? <€ev* The plots of thane yields 
ere included as eppeadlced *. fend 8* "or eonvs. i *n#e the 
yields wars originally plotted as a function of the frequen- 
cy of the resonance control* Later the fra uenejr units were 
ooavertsd to energy units (Chapter XI j. This accounts for 
the slight aoa-llr*«hrity of the energy acfeie* The ordinate 
scales are varied for clarity of presentation. 

tn experiaetite of this type It is important that the 
opiimi© energy (fre;ua toyj Intervals be used. It ©an be 
reedily seen thrt if the intervals used ore not greeter then 
the width at the Lelf-eexisaun value of the observed reso- 
nance levels {« resultant of widths due to target thickness, 
proton energy spread , and true (p.n) resonance j , in no case 
will sore than half of the true w&lmm value ©f the level 
be niseed* Intervals of 1/3 to 1/4 of the width at half- 
usaxlssuai are desirable for good detail In the carves* The 
width (i*e« energy spread) due to target thickness is the 
factor stoat susceptible of control* The thinner the target, 
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the better can the (p,n) resonances be resolved* ir owler 
*t al { Fl } discuss affects end nsaattraaosta of Van compo- 
nents of observed resonance widths* 

2iuJaa3^&t 

The enriched Gr*^ isotope (2*5 Kev target) was in- 
vestigated first, la the energy region below 2*2 rev, the 
yield weo quite a&all, although definite resonances were 
observed* from the menaurad widths of the best-darined 
peeks, it appeared reasonable to very the proton energy in 
steps ef ebout 1*5 Kev (5 Ko in frequency) . A cove 2*2 ;^ev 
of proton energy the yield increased *&rk«6ly and the reso- 
nance* heeasie better defined* The yield was investigated 
up to 2*4? Wav. 

The enriched Cr ^ isotope (1*5 Kev target) produced 
©bout 9 times as rnioh yield as did the Cr^ in the region 
below 2.2 U*v end the resonances were better defined. The 
Cr^5 target was thinner then the first Cr^ target end the 
level widths indicated that proton energy steps of ©bout 
600 ev. (2 Kg in frequency) should be used* to obtain equl- 

5 L 

valent resolution the 1*5 Kev Or target was prepared and. 
the yield above 2.2 ev investigated, 

A ©omperison of the two yield curves below 2*2 .,ev 
of proton energy showed that ©11 resonant peeks which ap- 
peared in the enriched Gr^ were present and better resolved 
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In til© enriched Cr^. This can oe accounted for by the 
5 3 cl, 

presence (3.9$) of €r In the enriched ear* materiel* Fig- 
ure I?-l is & representative sample of this eomptnv iacn* « 
determination or the effect of this smell saount of Cr^ in 
the enriched Cr^ ms made. !3y assuming that the earn ratio 
(epproximately 1/9} of Or**-* yields existed ebove 2*201 ev. 
as did belew this energy, 1/9 of the yield of enriched Cr^ 
was subtracted from the yield of enriched Gr^* Se appre- 
ciable change in tbs cherteoteriatia* (i*e* no levels war® 
eliminated or now onto •>sfiasd) of the €r^ curve ware noted* 
This correction is not Included in the yield curves of ap- 
pendix B* 

1* Threshold rreter^ln^eions* 

frith the considerations of section 2 et-ove, the thres- 
hold for the Gr^(p,fi) relation as determined from the tula 
target data (append lx, £} is 2*202 ^ .0 05 ^av. a tfcioker 
target (20 Kev} was prepared in order to verify this value* 
Figure XY-2, a plot of the yield from this target, shows the 
threshold to lie at 2*204 *. *005 sfisv* It is occluded that 
the best value of threshold energy for cr**(p#n) is 2.203 
i *005 hev* 

The threshold of the Ca r^(p,a) was less well-defined. 

At the lower proton energies the yield was quite low because 
of the coulomb barrier (6.6 ev) and the yield of the thin 
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Figur# IV- 1 



K-JJ&OW TSKLSXs l* ■ 2 CL X Cr 55 and cr 54 



The eariohed Or 24 ourv* aho. a a aastll neutron 
yield fro« the pr* turnon of Cr*3 below 

the Cr24 (p,n) threshold (2.202 + .005 Lev.) 
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NEUTRON YIELDS FROM ENRICHED Cr AND Cr 
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l f i sv. The lerger error i* assigned because or the poorer sta- 
tittles* 

ki 

As seen on the yield curves or the appendices, the 
distribution of the resonant peaks* is not tmiforo* It is 
practical to consider only «v«r*&« epnoiag of the eneargy 
levels. Spas lags as aver&ged over different proton energy 
ranges ore shown in Table XY-1* 




dM£&L 

1.420— 1*620 **v 






Average '.peeing 
5.0 Aev/leve 1 



1.620-1.070 

1.070-2.160 

2.160-2.470 

1.420-2.470 



40 

55 

65 

67 



4.7 
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4.7 



225 Total 
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5 3 U.5 Kev target) 
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Seat of the levels ere poorly defined wd others apparently 
overlap so that they appear as one ratnsr wide level. The 
averaging process tends to minimise these uneerte, int lee* 

The widths of the levels at 1/2 nuax loans are often 
distorted by the over la. ping of the levels. To properly 
see sure widths , isolated resonant peaks must be used. By 
assuming that the natural nuclear resonance can be much 
narrower then the target thickness, the widths of the nor- 
rows nt peeks eon be considered a measure of target thick- 
ness {?!}. For the Cr^ 5 target this was determined to be 
1.5 Lev, for the Cr 5 ^ 1.5 and 2.5 <.ov# The effect of tar- 
get thickness on observed level spacing la clearly shown 
54 

by the comparison of the cr yields for the two different 
thickness targets (Appen^ lx B}. Hesor*©iioe peaks that ap- 
peared asymmetrical or uuauly thick using the *.5 lev tar- 
get. 

It cmy be pointed out that if a statistical distri- 
bution of levels is assumed with average spacing , three 
conditions my exist: (1) V<W (2) D * ’ (1) 8>t where 

W is the resolution of the instrument. observed level 

spacing for the three conditions will be (1) — {£} — 

(3) ~ D. Inasmuch as 1 id observed to be 4-5 Kev and W 
is £ 300 ev (Section 11-2} , we may conclude that condition 
(3) exists and that the actual level apueiig are be in#,; observed. 
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5. Sar-roduoibimy. 

la this type of experiaient, as In oat, ability to 
reproduce data is an excellent check on the a lignffio&t of 
equipment arid accuracy of data* Ha a hecks of '“xoiainent 
portions of the yield curved were made when practicable 
and especially after a stoat-down of the generator* Figure 
1V-4 atoms sojae representative check# ayad®. 'fhe discre- 
pancy in yield of Figure IY-kU) is not readily explained. 
However, the proton energy of the raaorn.ioe is the ..ore le>» 
portent quantity and the displaces*#* t a. wn (approx* !>Q0 ev) 
Is within the expected uncertainty of the generator (ref* 
Motion IX-2). 



Figure xv-4 



RownicTTOK or t .i* ,*rr • ?('.*:<»* ?i i1 * lovx' 



(a; Sarlohetf. Cr^ target 

(fc) narlebwl target 
51 

(o) ‘Snrlehed Cr target 
54 

(£) •jsrlofeeil Cr target. lYoton 
energy below Cr34{j> t nj thres- 
hold ana In earn region ©a 
Figure 77-4 ( o). 
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3j,,J5sagyijL 

Current theories of the structure of atomic nuclei 
are in a continuing state of development and modification* 
However, the generally accepted app roaches ell include cer- 
tain cordon fundamentals* aeng these are: 

(a) That in a nuclear reaction (e.g* (p,n5 ) a ca> 
pound nucleus is formed whose break-up la independent of 
the mode of formation (^3, %}* 

( b) that the energy levels that txlat within a nu- 
cleus decrease (exponent Icily) in average spacing with in- 
creasing exaltation energy (»3i* 

(c) That the energy level spacing also decreases 
(slowly) with increasing 

tfuelecr mnam t hindi. \g energies and reaction thres- 
hold energies can he coeluted fairly accurately fron the 
eesi-estpirical mess formula (F2). 

2, hovel . t Qi: f ♦ 

It has been noted that tie spacing of energy levels 
will be different for different nuclei depending on whether 
the number of neutrons tad proton® is odd or even ( 2, *2). 
However, Hurwltz and Dethe ( U) have pointed out that these 
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fluctuation# ore difficult to understand if on# measures 
the level spacing at excitation energies which or# based on 
the ground stet o»* They Mi's suggested instead that the 
excitation energy be measured from a characteristic lav#! 
which depends is a smooth way os the nu&ber of proton© end 
neutron* In the nucleus, and that such a level might be the 
neutron binding energy m commuted from the seal- empirical 
mass formula without the odd- even term* Hurwitz end Beth# 
further Indicate that the level spacing measured at equal 
energies relative to these levels would be expect ad to be 
the same regardless of the odd-even character of the number 
of neutrons* 

Figure V-X is an energy level diagram showing these 
character i ctlc levels (a and 11} for the compound nuclei 

ri 55 

Kir* and h*a • The portions of the croton energy ranges 
investigated in this experiment cover the regions near 
these levels, hence a comparison of the level sp&.eir* > 
would be expected to yield a ratio of unity*, as seen from 
table TV-1 the ratio obtained x& 1*1 for (u« 1*5 hav tar- 
get data in the vicinity of and B» with having the 

slightly larger spacing* The egreeisent of oertein of the 
computed binding energies vitb experisMittt is given In Table 
V-l 



HTU4MJ *** 1| 4#i 1«1MI9 *i lummlH • V* 

4<* imi< •«« Kiiiuuia J4 |*ii«|» Xmi «4I 

bj imij o«mmi A f» i an ■ \«iir mi«i» mi 

«iaum«uie • wfl ftrtiKMo of oaa* AXi*ii«Bi 

bam Hcmi Vt *di m V 4*0<*m • *1 MU* 

MUf M /hU 4#* t-vMtw* mU *1 

Xj# M il a*t? M»jn l« ltfftflfcJrfUiM HMM 
It* 4 PM *rrr-*fto Mi am/u >hmm i«« 

L*V» Id iiu«m pl*«0 X*T»X |*i iW MMi*M udittl 
M */ a+jmcm *c fid-jo* limi mm# «i itjiiin m.'i iw» 
mu Mi M iiHftaH nn ui H ml'wtf m *i *M 

M«Umm tv 

«H«I *•#«*## »M«m. iKM t«i;i 

UlftiM tram t Mi tel m Ms «J •*#▼*1 tlia Jvrio^T*** 
M^LTL t)U^ «if|| »«i U tfUito 047 ,'V «*»• ^#1 

un MtlMi Ml mv» f *M# il 

t> pi4|p> M»4j «m •* • m*»w mm 

mu mm m yiM m m*t m«x* w m ujo* 

-mi rut c i Mi ton M ix mcmjv* oUtt MW i-tl f(Mi 
Mi plM % UM |l M 4 ll gauiv Mi ft# U# Ip 
Mi to MM1M It l—dtn MS «MiM(9 t U Mi l t> W*lW 
fX<5*7 *1 *K1| if *l*^ito* ii»l Mf|4Md l^tluji 

M 



25 



Figure V-l 

EKSSOY L-YBL II, CTh l OF Or 55 , Cr 54 , end 



E p end B b indicate binding energy level* lor 
Inst proton end neutron of Indicated nucleus 
es computed from m.&& formula without odd- 
even term* 

i indicates elevation or depression of 
ground state from these levels* 

I^h Indicates (p,n) threshold as determined 
in this experiment. 

Hatched area is proton energy range investi- 
gated* 

A end 8 are characteristic levels discussed 
by Kurwltz end Be the. 
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ENERGY LEVEL DIAGRAM OF Cr 53 , Cr 54 , Mn 54 , AND Mn 5<i 
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oaloul«.tad ob»©rve3 

n S for n 55 10*9! tv 10*15 ev (HI) 

E n * & for •r®* 10*3 :©v 9*3 r ev (Cl) 

Table v-1 

Preston ( 2) has points out that. In observing neutron 
energy level spacing the exi stance of nultiplet level* should 
he considered* The miltiplets can be explained by the dif- 
ferent J values which arise fr<»a the ^uentun .-sohe&ieal coca- 
blaatioc# of the different allowed values 'f the or oltal end 
intrinsic angular noaeato of the bunterdiag part ids, target 
neuoleua and emitted peril ole* for bo&feerding protons with 
^*0, 1 sad 2 end for an even %»*$•* 1 target isotope 
(Cr^, 1*0) the laultiplet janltlpliolty ny be as greet as 
5; for on even *.-odd 8 target (Cr^, 1- 1/2) it ley be 8. 
Hence i other things being equcl, the ratio of level spacing 
of the former to that of the letter should ft© about 1*6* 

It appears to be possible for these multiplet levels to 
overlap in such « manner that each multilist group is in- 
sist ingui she ble from the others* This aultiplet consider- 
at ion would account for the observed ratio of level spacing 
being greater than unity* It la difficult to be iso re men- 
titativo because the intensity of the different levels of a 
multiple! group can be expected to very greatly, ox.© being 
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of such low Intensity that they » uld be lost in the back- 
ground* 

•>» ’iteoaimlda. 

Because of the tsaas-energy conservation in a nuclear 
reaction, the sesd-emplrical mm foriauXa (T2) my bo used 
to ©aioulate the energy value of & relation* The thres- 
hold energy is than readily determined from the energy* 
Table V-2 is a comparison of the com uted threshold ener- 
gies with those manured in this -ork, and provides a oheok 
on the accuracy of the m as formula. 

gas.gM.QS,. 

Cr^{p,n) l*4fc Kev 1*406 Mev 

Or 54 (p,a) 3*€1 2.203 

Table 7-2 

54 

The widest variation occurs for Or (p,n) in which calcu- 
lation the odd-even term of the mas formula ooouru twice* 
For Cr^(p,a) this term la aero* However* when one con- 
siders that 1 Mev «* *001074 e*m*u* this variation is not 
striking* 

4* Basses* 

If the mm of the target nucleus is known* the mass 
of the residual nucleus eon be determined from the thres- 
hold energy of a (p*n) reaction* 
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whare S4 , „ fend , ert- tn« - aoea oi* t r<*j< 1 x mi- 

olaua, target nucleus, *we*«a and sMrca res pact ivel/. 

Ogeta (01) &&<? r.; or tod the rmseo# or t^a t*o osiro- 
alua isotope# u#ed in tbi* *ork: 

Or 53 » 52.95527 _ .90044 a«m 

Cr 54 * 53.95427 ^ .0004*?, 

Using 

i f m 1*00613 i .0u0u03 
* 1.00S9K i .00001 

' (53) * - MW i *008 :mv - -.00X4'' ♦. .90091 ««u 
54 > * -2.165 _ .005 .«v - _ ,00001 u^u 

It is <2«tferaia«u that 
53 

55 * 52.95590 ^ ,0oQ44 arjut 

U 54 * 53.95574 x •000*,* s*-n. 
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nwmm rests iron cr 53 (p,n)i.n 55 

(X) Proton Kmv&yi 1.420-1.620 ev. 

(2) Proton ,'nergy: 1*620-1. £70 

(3) Trot on laorny: 1. £70-2.160 

(4) Protcn aotrgjr: 2.160-2.470 

Unless otherwise Indtoeted the 
probe. ble error 1® lea® then the 
dlerjstsr of the «is»el«a. 
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NEUTRON YIELD FROM Cr 53 (p,n) Mn 53 

PROTON ENERGY * 1.620 - 1.870 MEV. 
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NEUTRON YIELD FROM Cr 53 (p,n)Mn 53 



PROTON ENERGY = 2.160 - 2.470 MEV. 
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R..VXK OH Yl.ttB FiSCli ur 54 (p,a)m 54 

?rotoa Energy: 2*190-2.470 :*«v. 

U) 2.5 r,ev target 

(2) 1,5 Kev target 

Probe ble error Is lees tfcaa 
fileratwr of circles. 
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Energy levels im medium weight 
nuclei from the (p,n) reaction. 
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